ABSTRACT

Objectives. This study assessed the
effects of maternal smoking on birth
outcomes among singletons and twins.

Methods. An algorithm was devel-
oped to link twins with their siblings in
the 1995 Perinatal Mortality Data Set.
A random-effects logistic regression
model was then used to estimate the
association between maternal smoking
and several adverse outcomes for a ran-
dom sample of singletons and for all
twins with available maternal smoking
information.

Results. The algorithm successfully
linked sibling pairs for 91% of the twin
sample. Maternal smoking was associ-
ated with a significantly increased risk of
low birthweight, very low birthweight,
and gestation of less than 33 weeks for
both singletons and twins and with an
increased risk of gestation of less than
38 weeks, infant mortality, and placental
abruption for singletons. Among smok-
ers, negative impacts on the risk of low
birthweight, very low birthweight, and
extreme premature delivery were signifi-
cantly higher for women carrying twins.

Conclusions. Some of the negative
effects of smoking on low birthweight
and preterm delivery are greater for twins
than for singletons. Women carrying
twins should be warned that smoking
increases their already high risk of seri-
ous infant health problems. (4m J Pub-
lic Health. 2000;90:395-400)
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The relationship between prenatal mater-
nal smoking and adverse outcomes in single-
ton births is well known."* Tobacco use during
pregnancy has been associated with intrauter-
ine growth retardation (and, thus, low birth-
weight), sudden infant death syndrome, pre-
mature delivery, placental abruption, and other
negative maternal and infant outcomes.>® The
mechanisms by which the toxic chemicals in
cigarettes produce adverse fetal effects are not
precisely known. Carbon monoxide, however,
is known to affect oxygen transfer to the pla-
centa.” In addition, nicotine constricts the uter-
ine arteries, also resulting in hypoxia.”

The consequences of maternal smoking
for multiple-gestation pregnancies have been
less extensively researched. Because twins
place a higher demand for oxygen delivery on
the placenta, they are significantly more likely
than singletons to be born prematurely, to be
of low birthweight, and to die during the first
year of life.** As such, maternal smoking may
pose especially serious risks for twins. In
addition, women who smoke are actually at an
increased risk for dizygotic twinning.'*"!

Previous research has shown an associa-
tion between maternal smoking and a number
of adverse pregnancy outcomes among twins.
In a study of Swedish births, Rydhstroem and
Kallen found that maternal smoking was sig-
nificantly associated with reduced gestational
age, intrauterine growth retardation, stillbirth,
and neonatal mortality among both single-
tons and twins.'> Orlebeke and colleagues
reported that smoking was associated with a
200-g reduction in mean birthweight among
Dutch twins." Similarly, Luke and Leurgans,
using a novel sample of 924 mothers of twins
participating in the 1989 to 1993 Twins Days
Festivals in Twinsburg, Ohio, found that
maternal smoking was associated with a 254-g
reduction in mean birthweight."*

While some studies have explored mater-
nal smoking and adverse birth outcomes
among twins, the published literature includes
few population-based studies. Also, most pre-

vious research has focused exclusively on
twin births. Few studies have compared twin
and singleton births in the same samples.

The present study used 1995 birth certifi-
cate data to investigate the impact of maternal
smoking on a number of birth outcomes in a
large, population-based sample of both single-
tons and twins. Such an analysis is timely,
given the rising incidence of twins and births
of higher plurality. In the United States, the
rate of multiple births per 1000 live births
increased by 14% between 1985 and 1991."

We also describe a novel approach to
matching twin pairs by means of population-
level vital registration data without personal
identifiers. Although the incidence of twin-
ning is increasing, it is still a relatively rare
event. Because fewer than 3% of births are of
multiple gestation, the use of clinical data to
explore the impact of tobacco use or other
maternal risk factors on important (but rare)
outcomes remains difficult. Vital records are
an obvious population-based data source, yet
twin pairs are not explicitly linked in birth
certificate data available for public use. The
algorithm described here can be used to iden-
tify and link most sibling pairs in these data in
an effort to control for correlations between
unobserved variables in twin pairs.

Methods

This study used individual-level 1995
data from the National Center for Health Sta-
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tistics Perinatal Mortality Data Set. These data
comprise approximately 99% of live births to
US citizens occurring in 1995 (n=3 899 589),
including 96785 infants identified as twins. It
is not known why there was an odd number of
twins in this data set.

The data were drawn from birth certifi-
cates, which provide a rich variety of data
concerning birthweight, gestational age at
delivery, pregnancy and labor/ delivery com-
plications, and timing and frequency of pre-
natal care use. Birth certificates also include
limited sociodemographic information such
as maternal and paternal education level,
race, ethnicity, and marital status.

Since 1989, self-reported smoking sta-
tus and average daily consumption of ciga-
rettes have been included in the birth certifi-
cate records of most states. Approximately
21% of 1995 twin births (n=20149) did not
include information on maternal smoking
and thus were excluded from the sample. Of
these exclusions, 91% were from 3 states
(California, Indiana, and New York) that did
not include maternal smoking information on
birth certificates in 1995.

The statistical methodology used in this
study required that sibling pairs be identified
to control for unobserved maternal or preg-
nancy-specific factors. Although the data set
indicates whether any specific infant was a
singleton or twin (or higher gestation), twins
are not explicitly linked in public use data.
Other data useful in linking twins (such as
complete date of delivery) are masked to pre-
serve confidentiality. Therefore, a matching
algorithm was developed to link infant twins
to each other.

Infants were considered to be possible
matches if the data indicated identical values
for the following variables: state and county of
birth, month of delivery, number of recorded
prenatal care visits, maternal and paternal age
in years, maternal race and years of education,
and a 6-category marker for gestational age in
weeks (17-20, 21-28, 29-32, 33-36, 3740,
more than 40). Many observations included
missing values for variables such as paternal
age. In such cases, infants were considered
possible matches if they had identical values
for the observed variables and had identical
“skip” patterns of missing data. A twin was
considered successfully matched if the algo-
rithm yielded exactly 1 potential match with
the identical observed pattern.

The algorithm identified unique siblings
for 69688 (91%) of the 76 636 birth records
that included maternal smoking data. The
6948 excluded infants most commonly lacked
a matching sibling (n=6717). In 231 cases,
the matching algorithm identified 2 or more
potential matches that could not be distin-
guished. (Including these multiple matches in
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the analyses described hereafter produced no
appreciable change in estimated coefficients
or standard errors.)

We verified the algorithm’s accuracy by
performing detailed consistency checks. We
identified 3 variables not used in the algo-
rithm that should be common between sib-
lings and that are independently recorded on
twin birth certificates: gestational age (in
weeks rather than in the broad categories used
in the match), maternal prenatal smoking, and
placenta previa. We found complete agree-
ment in 99.8% of cases. To compare out-
comes for singleton and twin births, we also
selected a random 5% singleton sample with
information on smoking from the same data
source (n=297841).

Although low birthweight is a widely
used measure, it captures only 1 limited
dimension of infant health. This is especially
true for twins, who are often born healthy in
the range between 2000 and 2500 g. To pro-
vide a more complete picture of tobacco-
related harms, we explored 6 outcomes:
(1) low birthweight, defined as weight at
birth under 2500 g; (2) very low birthweight,
defined as weight at birth under 1500 g;
(3) preterm delivery, defined as a gestation
of less than 38 weeks; (4) severe preterm
delivery, defined as a gestation of less than
33 weeks; (5) infant mortality, defined as
death during the first 12 months after birth;
and (6) placental abruption (premature sepa-
ration of the placenta from the uterine wall).

In this study, smoking status was coded
as a trichotomous variable. Women were
classified as (1) nonsmokers, (2) those who
reported smoking 1 to 10 cigarettes per day
during pregnancy, and (3) those who reported
smoking more than 10 cigarettes per day dur-
ing pregnancy. Independent control variables
included maternal age, race, Hispanic eth-
nicity, and education; trimester of prenatal care
initiation; and infant sex.

Although multiple logistic regression can
be used to predict discrete adverse outcomes,
this framework ignores correlations in unob-
served variables within twin pairs. Birth
outcomes are influenced by such factors as
overall maternal health, maternal nutrition,
outcomes of previous pregnancies, and quality
and content of prenatal care. Some of these
factors can be controlled explicitly. However,
many are unobservable or unavailable in exist-
ing population-based data. Thus, birth out-
comes are likely to be correlated within twin
pairs. Such residual correlations must be
explicitly modeled for correct standard errors
and consistent parameter estimates.

One solution is to include only 1 sibling
per twin pair in the statistical analysis. This
produces correct standard errors but results in
a loss of half of the available sample. For some

events (such as premature delivery or placental
abruption), this restriction is appropriate,
because the adverse event is common to both
siblings. However, for rare outcomes that can
differ between siblings (such as infant mortal-
ity), removing half of the sample sacrifices
needed power, even within large data sets. To
avoid such problems, we estimated a random-
effects logit specification to capture sibling
correlations due to pregnancy effects. We did
so with the SAS GENMOD procedure, fol-
lowing the generalized estimating equations
framework of Zeger and Liang.'®

We used the resulting coefficients to
conduct 2 other types of analyses. First, we
calculated the population-attributable risk due
to smoking for both singletons and twins.
Ignoring confounders, population-attributable
risk can be expressed as p(r—1)/[p(r—1)+1],
where p is the population prevalence of tobacco
exposure and r is the relative risk of disease
for the smoking-exposed group.'” The esti-
mated population-attributable risk captured
the proportion of adverse outcomes in the gen-
eral population that were due to maternal
smoking. For each of the 6 outcomes, we esti-
mated population-attributable risks sepa-
rately for singletons and twins.

Second, we calculated the incremental
risk of negative birth outcomes among single-
tons and twins exposed to tobacco in utero.
We defined incremental risk as the number of
adverse outcomes among pregnant smokers
that were actually due to smoking. Incremen-
tal risk was the pertinent parameter with
which to examine the efficacy and cost-effec-
tiveness of interventions designed to improve
outcomes within the tobacco-exposed group.
Absent confounders, incremental risk is pro-
portionate to the numerator in the population-
attributable risk formula. In our analysis, both
population-attributable risk and incremental
risk were adjusted for the potential con-
founders listed earlier.'®

Results

The prevalence of self-reported smok-
ing during pregnancy was similar among
mothers of singletons (13.4%) and twins
(12.1%). Smoking prevalence varied across
sociodemographic groups for mothers of
both singletons and twins (Table 1). Rates
were highest among non-Hispanic White
women with lower levels of education. Smok-
ing prevalence rates among women who initi-
ated prenatal care after the first trimester were
nearly twice those observed among women
initiating care during the first 3 months of
pregnancy (data not shown).

Twins experienced significantly higher
incidence rates of all 6 negative outcomes,
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TABLE 1—Prevalence of Maternal Smoking, by Demographic Characteristics;
US Singleton and Twin Births, 1995
Singletons Twins

No. of mothers 297841 69688
Mothers who smoke, % 13.4 12,9
Race/ethnicity, %

White 16.6 1

African American 9.9 1.2%*

Hispanic 3.9 4.3

Other 8.8 8.1
Age, Y, %

<18 15.2 10.5***

19-29 14.5 13.7*

30-39 11.0 10.5*

40 and older 10.5 8.7¢
Education, %

Less than high school 21.4 1.1%

High school graduate 17.0 16.8

Some college or trade school 10.0 9.6

College graduate or more 2.6 2.4
*P<.05; **P<.01; ***P<.001 (differences between singletons and twins).

independent of smoking. Negative outcome
incidence rates (per 1000 live births) for sin-
gletons and twins, respectively, were (1) low
birthweight, 62.1 and 535; (2) very low birth-
weight, 11 and 100; (3) gestation of less than
38 weeks, 17/1000 and 702; (4) gestation of
less than 33 weeks, 21 and 147; and (5) pla-
cental abruption, 6 and 12. Infant mortality
was also significantly higher for twins, with a
rate of 28 per 1000 vs 6 per 1000 among sin-
gleton births.

Additional analyses (results not shown)
suggested that cases excluded from the sam-
ple because of missing maternal smoking data
involved somewhat lower rates of infant mor-
tality, low birthweight, and very low birth-
weight. Such discrepancies probably reflect
regional differences in the prevalence of these
outcomes.

For both singletons and twins, the rates of
all 6 adverse birth outcomes were markedly
higher among infants born to pregnant smok-
ers (Table 2). Among singletons, the rate of
low birthweight was 55 per 1000 live births for

women who did not smoke but was approxi-
mately double that for smokers: 105 per 1000
among those smoking 1 to 10 cigarettes per
day and 115 per 1000 among those smoking
more than 10 cigarettes per day. Similarly,
among twins, the low-birthweight rate was
518 per 1000 live births for women who did
not smoke but rose to 672 among those smok-
ing 1 to 10 cigarettes per day and 687 among
those smoking more than 10 cigarettes per day.

A dose-response relationship between
number of cigarettes smoked and risk of neg-
ative outcomes was not strongly suggested in
these results, wherein all smokers consuming
more than 10 cigarettes per day were com-
bined. However, additional multivariate
analyses for singletons and univariate analy-
ses for twins suggested a dose—response rela-
tionship when heavy smokers (those consum-
ing 20 or more cigarettes per day) were
examined separately. In the twin group, the
relatively small number of mothers who
reported heavy smoking produced unstable
multivariate results.

Maternal Smoking and Twins

The risks of poor birth outcomes by
smoking status, adjusted for potential con-
founders, are presented in Table 3. These
results were also adjusted for unobserved cor-
relations in shared risks within twin pairs,
although this correction had a small impact on
the resulting point estimates. Logistic regres-
sion results were used to compute adjusted
odds ratios, which were then adjusted to indi-
cate relative risks (according to the method of
Zhang and Yu'”). Maternal smoking was asso-
ciated with significantly increased risks of
low birthweight, very low birthweight, and
gestation of less than 33 weeks for both sin-
gletons and twins and with increased risks of
gestation of less than 38 weeks, infant mortal-
ity, and placental abruption for singletons.
The effects of maternal smoking appeared to
be greater among singletons than twins for the
outcomes of low birthweight, gestation of less
than 38 weeks, infant mortality, and placental
abruption.

The same pattern of apparently elevated
risks of maternal smoking for singletons as
compared with twins arose in the calculations
of population-attributable risk (Table 4). For
each of the 6 outcomes, complete elimination
of smoking during twin pregnancies pro-
duced small reductions in the population
prevalence of these negative outcomes rela-
tive to those for singletons. For example,
11.1% of the incidence of low birthweight
among all singleton births was due to smok-
ing, as compared with only 3.5% among
twins. However, singleton—twin comparisons
of relative risks (Table 3) and population-
attributable risks (Table 4) both masked the
fact that the negative effects of maternal
smoking were actually higher among twins
for some important outcomes.

The “incremental risk” estimated the
number of negative outcomes within the
smoking-exposed group that could be avoided
if all smoking were prevented during preg-
nancy. The incremental risk results (Table 4)
suggest that the negative impact of maternal
smoking on the risk of low birthweight, very
low birthweight, and extreme prematurity was

TABLE 2—Rates of Birth Outcomes, by Smoking Status: US Singletons and Twins, 1995

Rate per 1000 Singletons

Rate per 1000 Twins

Nonsmokers 1-10 Cigarettes >10 Cigarettes Nonsmokers ~ 1-10 Cigarettes >10 Cigarettes

Outcome (n=258089) per Day (n=25824) per Day (n=13928) (n=67360) perDay (n=6088) perDay (n=3188)
Low birthweight 55 105 115 518 672 687

Very low birthweight 10 15 15 101 138 139
Gestation <38 weeks 167 199 197 698 699 702
Gestation <33 weeks 20 31 27 147 188 175

Infant mortality 4.9 9.0 9.3 30.3 36.8 37.3
Placental abruption 5.2 9.7 10.6 11.5 17.7 16.7
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TABLE 3—Adjusted Relative Risks for Outcomes, by Smoking Status: US Singletons and Twins, 1995

Relative Risk (95 % Confidence Interval)

Singletons Twins

1-10 Cigarettes >10 Cigarettes 1-10 Cigarettes >10 Cigarettes
Outcome Nonsmokers per Day per Day Nonsmokers per Day per Day
Low birthweight 1.0 1.84 (1.77, 1.92) 2.21 (2.10, 2.33) 1.0 1.28 (1.25, 1.30) 1.33 (1.30, 1.37)
Very low birthweight 1.0 1.39 (1.25, 1.55) 1.61 (1.39, 1.86) 1.0 1.36 (1.23, 1.50) 1.45 (1.29, 1.64)
Gestation <38 weeks 1.0 1.15(1.12, 1.19) 1.20 (1.15, 1.24) 1.0 1.00 (0.98, 1.02) 1.02 (0.99, 1.05)
Gestation <33 weeks 1.0 1.38 (1.28, 1.49) 1.39 (1.25, 1.55) 1.0 1.26 (1.19, 1.33) 1.27 (1.15, 1.38)
Infant mortality 1.0 1.60 (1.38, 1.85) 1.76 (1.46, 2.13) 1.0 1.04 (0.85, 1.27) 1.25 (0.97, 1.60)
Placental abruption 1.0 1.65 (1.44,1.91) 1.73 (1.45, 2.01) 1.0 1.45 (1.06, 1.97) 1.24 (0.88, 1.77)

significantly greater among women carrying
twins. This further suggests that the benefits
of smoking cessation and primary prevention
are substantially greater for twins than for sin-
gletons for these outcomes.

For example, for every 1000 births to
women who smoked, an estimated 55 cases of
low birthweight were the result of maternal
smoking among singleton births, as compared
with 123 cases among twins. These results
reflect the larger prevalence of negative out-
comes among mothers who smoked while
carrying twins, compared with mothers who
smoked while carrying singletons (as sug-
gested in Table 2). Within the twin group, pop-
ulation-attributable risk calculations appeared
to minimize the role of smoking because of
the high base rate of negative birth outcomes
among smokers and nonsmokers alike.

Discussion

Maternal smoking is associated with sta-
tistically and clinically significant adverse out-
comes among both singleton and twin births.
The association between smoking and birth-
weight is well documented; however, maternal
smoking is also an important factor in the
severe outcomes of very low birthweight

and extreme prematurity. The correlation
between smoking and these adverse outcomes
remained pronounced after we controlled for
sociodemographic factors related to smoking
behavior as well as for intersibling correlations
in unobserved variables among twins.

In our data, smoking was associated
with delivery before 38 weeks among single-
tons but not among twins. Approximately
70% of twins in this sample were delivered
before 38 weeks of gestation, regardless of
maternal smoking status. Thus, maternal
smoking does not appear to further elevate
the risk of this common outcome among
twins. However, smoking does increase the
risk of low birthweight and very low birth-
weight among twins and singletons, ostensi-
bly through a mechanism involving intrauter-
ine growth retardation.>’

Because the base prevalence of adverse
outcomes is so high among twins, the
increased risks associated with maternal
smoking are partially concealed by relative
risk or population-attributable risk estimates
within this group. However, the greater impact
of smoking becomes apparent when one com-
pares point estimates of smoking-attributable
incremental risks for singletons and twins,
illustrating the simple but important point that
population-attributable risk comparisons can

TABLE 4—Population-Attributable and Incremental Risks due to Maternal
Smoking: US Singletons and Twins, 1995

Population-Attributable

Incremental Risk

Risk, % per 1000 Smokers
Outcome Singletons Twins Singletons Twins
Low birthweight 11.1 35 55.3*** 122.9**
Very low birthweight 5.7 4.5 4.3 32.8"
Gestation <38 weeks 2.4 0.1 21.5" 1.4
Gestation <33 weeks 5.2 3.1 7.9 32.6"**
Infant mortality 6.3 1.3 2.3 1.1
Placental abruption 9.4 3.3 3.9 2.9

*P<.05; **P<.01; ***P<.001 (significant difference from zero).
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be misleading in examinations of outcomes
across groups with different baseline risks.

Our results differ somewhat from those
of Rydhstroem and Kallen, who found that
maternal smoking had no effect on gesta-
tional duration among twins and that smok-
ing had similar effects on growth retardation
and perinatal death among both singletons
and twins.'?> However, our finding that
maternal smoking has a greater negative
effect on twins than on singletons is biologi-
cally plausible. Multiple fetuses strain the
uterine blood supply. Maternal smoking fur-
ther disrupts this critical function, primarily
through the process of fetal hypoxia.”?’
Maternal smoking may also have different
effects for monozygotic and dizygotic
twins. Multiple placentas may create smok-
ing-related risks different from those of a
single fused placenta.

Our results underscore the importance of
informing all women that tobacco use during
pregnancy involves major and avoidable
health risks.”' The American College of
Obstetricians and Gynecologists provides
clinical guidelines for substance use during
pregnancy and for caring for women with
multiple gestations; however, tobacco use and
other substance use are not specifically dis-
cussed in the care of multiple-gestation preg-
nancies.”>? Providers of reproductive health
services, preconceptional counseling, and
medical care to women should be aware of the
risks of maternal tobacco use in regard to
birth outcomes and should realize that some
of these risks are elevated among women car-
rying twins.

Previous research among the general
population of pregnant women indicates that
interventions designed to reduce maternal
smoking can be both efficacious and cost-
effective.>*** A 1990 analysis estimated that
between $20 million and $56 million could be
saved annually in medical care and social ser-
vice costs if 8% of pregnant smokers ceased
their tobacco use.”* Marks et al. argued that
smoking cessation programs with low success

March 2000, Vol. 90, No. 3



rates could still be cost-effective.”® These
authors estimated that interventions with
quit rates of 15% have the potential to save
between $3.31 and $6.58 per dollar spent by
reducing the need for neonatal intensive care
and other costly interventions.

A review by O’Campo and colleagues
emphasized that smoking cessation interven-
tions among pregnant women show signifi-
cant aggregate benefits, although there is
some variation in the array of strategies
implemented and their resulting effective-
ness.”* Little appears to be known about the
efficacy or cost-effectiveness of smoking ces-
sation interventions for women carrying
twins. The present findings suggest that some
smoking-related risks are especially high in
the case of twin births. Moreover, each preg-
nant smoker exposes 2 infants to tobacco
risks. Thus, smoking cessation efforts for
mothers of twins—including intensive inter-
ventions that involve ancillary services—may
be especially cost-effective in this high-risk
population.

This analysis involves some important
limitations. First, we relied on self-reported
smoking information from birth certificates.
Studies suggest that women who are pregnant
or have just given birth tend to underreport
their smoking behavior.>*”** An important
related problem is that smoking is correlated
with other behavioral risks such as poor nutri-
tion, alcohol use, and illicit drug use. Such
patterns may bias the resulting estimated
impact of smoking on birth outcomes. How-
ever, there is no reason to believe that under-
reporting patterns would differ dramatically
between women carrying twins and those
carrying singletons.

A second limitation is that the analysis
excluded observations with missing data
regarding maternal smoking. The excluded
cases were clustered in 3 states, 2 of which
have large populations of great socioeco-
nomic and ethnic diversity. Thus, while the
study sample was large and population
based, the exclusion of these 3 states limits
our ability to make national generalizations
from the results.

A third limitation is the lack of the sta-
tistical power necessary to reliably estimate
the impact of maternal smoking behavior on
rare outcomes among twins. It is striking that
we obtained large standard errors in our esti-
mates of the effects of smoking on infant
mortality and rather large standard errors in
our analysis of placental abruption within a
sample that included most known 1995 twin
births occurring in the United States. The
strong link between smoking and important
mediating factors (e.g., extreme prematurity)
suggests the possibility of significant mor-
tality effects that were not apparent in our
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multivariate analyses owing to the small
sample size.

Despite these limitations, birth certifi-
cate data offer important advantages in exam-
ining adverse birth outcomes among twins.
The current sample included 72% of all twin
births occurring in the United States during
an entire recent year. Although the linkage
between smoking and common adverse out-
comes is easily established in smaller clinical
data sets, this large, population-based sample
allows more precise and more readily gener-
alizable analyses of important yet rare events
such as placental abruption.

In addition, our research demonstrates the
feasibility of identifying sibling pairs in twin
studies from vital registration data. Because
siblings share common characteristics of their
mother and the specific pregnancy, unobserved
sibling correlations play a large role in estimat-
ing factors related to birth outcomes. Failure to
model these correlations produces downwardly
biased standard error estimates for several out-
comes. Ninety-one percent of twins in this
large sample were successfully linked with a
unique sibling via a matching algorithm. This
high linkage rate made possible the use of
appropriate statistical techniques with a large
sample and may be useful in other studies
focusing on multiple births.

The harmful effects of smoking on birth
outcomes are well recognized. However, it is
important for public health professionals and
clinicians to understand that some smoking-
related risks appear especially high for twin
births. All women contemplating preg-
nancy and those who are pregnant should be
advised of the dangers of prenatal smoking.
In addition, women with multiple-gestation
pregnancies should be further advised that
they face specific increased tobacco-related
risks. With the incidence of twins on the rise,
the relationship between maternal tobacco
use and adverse outcomes among twins
deserves significant public health and clinical
attention.  []
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